Cytotoxic T lymphocytes (CTLs) normally destroy only those cells ("target cells") whose surface antigens they recognize. However, in the presence of lectins such as Con A, CTLs destroy virtually any cell, regardless of its antigens. The oligosaccharides of the T-cell antigen-specific receptor, a dimeric surface glycoprotein composed of disulfide-linked a and (3 subunits, are of interest because of their potential involvement in this lectin-dependent cytotoxic activity. We report here that three or four asparagine-linked oligosaccharides could be enzymatically removed from each of the receptor subunits expressed by a cloned line of murine CTLs (clone 2C), consistent with the presence of glycosylation sites deduced from cDNA sequences of the a and /3 genes expressed in this clone. All the N-linked glycans on the a subunit were of the complex type (i.e., resistant to endoglycosidase H), but the (3 subunit carried two or three endoglycosidase H-sensitive (high-mannose) oligosaccharides. High-mannose glycans can bind tightly to Con A and, indeed, this lectin was found to bind specifically to solubilized 2C T-cell receptor. The Con Adependent cytotoxic activity of clone 2C, but not of other CTL clones, was inhibited by a monoclonal antibody (1B2) that is specific for the T-cell receptor of clone 2C. Antibody 1B2 also inhibited clone 2C cytotoxicity mediated by phytohemagglutinin, lentil-lectin, and wheat-germ agglutinin. These results suggest that, although lectin-dependent lysis of target cells by CTLs is antigen nonspecific, the cytolytic activity can be triggered by binding of the lectin to the T-cell antigen-specific receptor.
Under normal conditions, lysis of target cells by cytotoxic T lymphocytes (CTLs) is highly selective; target cells presenting the correct antigens are lysed, while neighboring ("bystander") cells that lack these antigens are spared (for review, see ref. 1 ). However, this strict discrimination is bypassed in the phenomenon of "lectin-dependent cellmediated cytotoxicity," a term that refers to the ability of Con A and several other lectins to promote the ability of CTLs to lyse inappropriate target cells, regardless of the antigen specificity of the CTLs or the antigens on the target cells (2, 3) . The basis for this antigen-nonspecific cytotoxicity is obscure, but a possible mechanism is suggested by recent studies of the T-cell antigen-specific receptor.
This receptor appears to be a clonally diverse dimeric protein made up of disulfide-linked a and P3 subunits; it will be referred to here as the a/3 receptor. Covalent attachment of a monoclonal antibody (1B2), which is specific for the a/3 receptor of a murine CTL clone (2C), to any of a variety of cell types rendered them susceptible to lysis by clone 2C cells, even when the targets were of human origin or lacked class I histocompatibility antigens (5) . Under these circumstances, therefore, antibody binding to the a3 receptor was sufficient to trigger target-cell lysis in an antigen-nonspecific manner similar to that seen with lectin-mediated cytotoxicity.
If the oligosaccharides of the a,8 receptor are capable of binding to Con A, an appealingly simple mechanism for Con A-dependent cell-mediated cytotoxicity suggests itself: molecules of Con A could bring the CTLs and target cells into proximity by multivalent binding to various components of both cell surfaces and trigger the cytolytic apparatus of the CTLs by binding to the a/3 receptor. Thus, the glycosylation status of this receptor is of special interest. We report here that (i) the extent of N-glycosylation of the a and /3 subunits of the clone 2C antigen-specific receptor is consistent with their being the products of the genes previously assigned to them; (ii) the P subunit has glycans of the type expected to bind tightly to Con A; (iii) the solubilized 2C receptor binds specifically to this lectin; and (iv) inhibition of lectin-dependent cytotoxicity by the clonotypic monoclonal anti-receptor antibody 1B2 suggests that binding by Con A, phytohemagglutinin, wheat-germ agglutinin, or lentil-lectin to the aB receptor of clone 2C cells can trigger the antigennonspecific cytotoxic activity of these CTLs.
MATERIALS AND METHODS
Cell Lines and Antibody. The derivation of CTL clones 2C and G4 from BALB.B (H-2b) mice and the maintenance of these and leukemia cell line EL4 (C57BL/6 origin, H-2b) have been described (6) . Both CTL clones are specific for class I histocompatibility antigens, 2C for Ld (7) and G4 for Dd (8) ; EL4 cells lack these antigens. Monoclonal antibody 1B2, which binds the a/3 receptor of clone 2C but not the receptor of G4 or other T-cell clones (5), was purified from ascites fluid and coupled to Affi-Gel 10 (Bio-Rad) at 5 mg per ml of packed gel (5 tTo whom reprint requests should be addressed.
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washed three times with extraction buffer and bound material was eluted by heating in a boiling water bath for 3 min in NaDodSO4/polyacrylamide gel sample buffer [1% NaDod-S04/10%o (vol/vol) glycerol/0.05 M Tris HCl, pH 6.8] containing 0.1 M 2-mercaptoethanol. NaDodSO4/PAGE was performed according to Laemmli (9) through 1.5-mm-thick gels at an acrylamide concentration of 10%6 and in the presence of 2-mercaptoethanol unless otherwise indicated. After the gels were stained and fixed, they were dried and autoradiographed.
Preparation of Radiochemicaily Pure a and f8 Subunits. Fifty-microliter lB2-Affi-Gel 10 beads with bound 1251-labeled receptor (see above) were heated in a boiling water bath for 2 min with 70 ILI of 1% NaDodSO4/2% 2-mercaptoethanol containing 50 gg of carrier protein (lysozyme; Sigma). The pelleted beads were extracted twice more with 70
Al of 1% NaDodSO4/2% 2-mercaptoethanol, and proteins were acetone-precipitated from the combined supernatants by addition of 3 vol of acetone and at least 6 hr of incubation at -20'C. The suspension was then centrifuged for 7 min in an Eppendorf microfuge and the pellet was washed with 500
Al of acetone at -20'C, care being taken to avoid resuspension. After drying in vacuo for 1 hr, the pellet was solubilized in nonequilibrium pH gradient electrophoresis (NEPHGE) buffer (9.5 M urea/2% Nonidet P-40/2% Ampholines/5% 2-mercaptoethanol) and subjected to twodimensional gel electrophoresis (NEPHGE followed by NaDodSO4/PAGE) as described by O'Farrell (10) and modified by Jones (11 ethanol/2 ,4 of2.5% NaN3. Ifnecessary, the pH was adjusted to 5.5-6.5 with 1 M acetic acid. Samples were then heated in a boiling water bath for 3 min, cooled, and 5 ,l of 10% Nonidet P-40 was added to sequester free NaDodSO4. After addition of 2.5 ,l of endo H (30 ug/ml), the samples were incubated overnight at 37°C.
Endoglycosidase F (endo F) (12, 13) was a gift of Stephen Alexander (Scripps Clinic and Research Foundation, La Jolla, CA). Endo F preparations contained two endoglycosidases capable of removing N-linked glycans, endo-3-Nacetylglucosaminidase F and peptide:N-glycosidase F (13). Conditions were chosen to optimize peptide:N-glycosidase F activity, which is insensitive to oligosaccharide structure and cleaves between the first sugar residue of the glycan and the asparagine residue of the protein. Protease activity in the enzyme preparation was completely inhibited in the presence of 50 mM EDTA. For endo F digestion, 10 Al of 5-fold concentrated endo F buffer (0.25 M Tris HCl, pH 8.5/0.25 M EDTA/0.5% NaN3) and 1 Al of 2-mercaptoethanol were added to a 35-,l sample in NaDodSO4/polyacrylamide gel running buffer. After heating for 3 min in a boiling water bath, the sample was allowed to cool and 5,41 of 1o Nonidet P-40 was added. Five microliters of endo F was then added, and the sample was incubated overnight at 37°C.
Cytotoxicity Assays. CTL activity in the presence ofvarious lectins [Con A, Vector Laboratories, Burlingame, CA; phytohemagglutinin (PHA-P), Difco Laboratories; lentillectin and wheat-germ agglutinin, Pharmacia] was measured in a standard 51Cr-release assay (14 (5) . The two reduced subunits are not resolved by NaDodSO4/PAGE, but NEPHGE followed by NaDodSO4/PAGE reveals that, like T-cell receptor molecules isolated from other murine (15, 16) and human (17) T cells, the 2C receptor is composed of an acidic a chain and a more basic 83 chain (Fig. 1) 
27-35 kDa (lane 7)
. The minimum molecular mass corresponds to that predicted for the a-polypeptide chain (22) , but the diffuse appearance of the a band on NaDodSO4/PAGE both before and after endo F treatment precludes accurate estimation of the maximum number of N-glycosylated sites. However, comparison with the migration shifts of partially and completely deglycosylated subunit (see below) suggests that the a subunit carries a maximum of 3-4 N-linked glycans, consistent with the presence of4 potential glycosylation sites [-Asn-X-Ser/Thr-(23)] predicted from the gene sequence (22) . The broad diffuse band resulting from endo F treatment of the a subunit suggests the presence of persistent carbohydrate, and while at present we cannot distinguish between residual N-glycosylation and O-glycosylation, the absence of a discrete "ladder" of bands suggests the latter. Other post-translational modifications such as amino acid modifications, while possible, seem unlikely to generate such a broad apparent molecular size spread. Neither subunit appears to be phosphorylated, as attempts to label with 32P, or to produce a migration shift by phosphatase treatment gave negative results (D.M.K., S.C.H., and H.N.E., unpublished results).
Endoglycosidase Treatment of the ,( Subunit. In contrast to the a subunit, the (8 subunit of the T-cell receptor contained N-linked oligosaccharides that could be removed by endo H treatment, resulting in two major and two minor bands on NaDodSO4/PAGE (Fig. 2, lane 6) . The assumption that the endo H reaction went to completion seems reasonable both from previous experience with this enzyme and from the reproducibility of the pattern observed. If so, the intact P subunit most likely consists of a family of differently glycosylated polypeptides, most containing two or three endo H-sensitive (high-mannose) glycans and a few with one or four such oligosaccharides.
Endo F treatment of the (3 subunit removed all N-linked glycans, resulting in a single band at 32 kDa (lane 11); this result indicates that endo H-resistant (complex-type) Nlinked glycans were also present on this subunit. Examination of "ladders" produced by incomplete endo F digestion (lane 8), together with the endo H result, suggests that a total of at least 3, and more likely 4 N-linked oligosaccharides are present on the intact (3 subunit. The presence of 3-4 such glycans and a polypeptide of 32 kDa agree precisely with the amino acid sequence predicted from the 3 gene (24) . The sharpness of the 32-kDa endo F product on NaDodSO4/ PAGE argues against extensive O-glycosylation.
Our conclusions on the glycosylation status of the clone 2C T-cell receptor subunits are in general agreement with those reported for two other systems. Terhorst and coworkers (25) noted that while the 37-kDa component of the T3 complex from a human T-leukemic line was sensitive to endo H, the 44-kDa component was not. These two components were later shown to be the P and a subunits, respectively, of the human T-cell receptor (17) . The (3 subunit of the receptor from a murine T-cell lymphoma was reported to contain at least two endo H-sensitive glycans; unlike the 2C receptor, however, the a subunit in this cell line also appeared to carry an endo H-sensitive glycan (19) . Thus, the (3subunit has been consistently found to carry high-mannose glycans, but in two of three cases the a subunit has not.
Con A Binding of the Clone 2C T-Cell Receptor. Con A has high affinity for high-mannose glycans (26, 27) . The only endo H-resistant oligosaccharides capable of interaction with this lectin are biantennary (two-branch) complex structures, but compared to high-mannose chains, they bind Con A weakly (28, 29) . The multiple endo H-sensitive glycans of the (3 subunit are almost certainly of the high-mannose type, since "hybrid"-type glycans, the only other endo H-sensitive oligosaccharide class (30) , occur only as minor components in mammalian glycoproteins. Thus, the a(3 receptor would be expected to bind to Con A.
To test this prediction, a(3 receptor was isolated from radioiodinated clone 2C CTLs by immunoprecipitation and NaDodSO4/PAGE, and its ability to bind to Con A-Sepharose was determined in the presence or absence of 0.5 M T-cell receptor was isolated from radioiodinated 2C CTLs by using 1B2 Afti-Gel as described in Materials and Methods, except that a slightly different extraction buffer was used (0.5% Nonidet P-40/0.10 M NaCl/0.02% NaN3/50 mM Tris-HCl, pH 7.6) containing 100 trypsin inhibitory units per ml of aprotinin (Sigma). After nonreducing NaDodSO4/PAGE, the labeled T-cell-receptor band (aB) was localized in the dried gel by autoradiography and electroeluted into 200 ,u of NaDodSO4/polyacrylamide gel running buffer. (Fig. 3) .
Inhibition of Lectin-Mediated Cytotoxicity by Monoclonal
Antibody 1B2. Con A binds not only to the purified a,8
receptor (Table 1) and to the receptor in cell lysates (Fig. 3) , but also to the same receptor on intact cells (M.V.S., A. Weiss, and J. Stobo, unpublished results). These findings suggest an explanation for Con A-dependent cell-mediated cytotoxicity: Con A through its affinity for high-mannose oligosaccharides on diverse cell-surface glycoproteins could link the cytotoxic and target cells together and, by binding the ap antigen-specific receptor, trigger the cytolytic components of the CTL. Although the complex interactions of T-cell-surface proteins and the many sites of Con A binding (31) make it difficult to uncontestably prove this hypothesis, we were able to obtain strong support for it in the following experiment.
The rationale was that if Con A binding to the a,8 receptor can trigger the cytolytic process, then pretreatment of 2C CTLs with anti-receptor antibody 1B2 might inhibit Con A-mediated cytotoxicity, either directly by steric interference with lectin binding or indirectly by causing disappearance ofthe af3 receptor ("modulation") before addition ofthe lectin. As shown in Fig. 4 , 1B2 pretreatment did indeed inhibit lectin-mediated cytotoxicity. In the presence of -10
,ug of Con A per ml, clone 2C CTLs, which are specific for the Ld histocompatibility antigen, lysed EL-4 cells, which lack this antigen. However, this Con A-dependent cytolysis was decreased substantially when the 2C cells were pretreated with antibody 1B2 at 0.1-1.0 ,g/ml. This pretreatment also blocked cytolysis mediated by phytohemagglutinin, wheat-germ agglutinin or lentil-lectin (Fig. 4) . The Con A-binding of T-cell receptor in lysates of radioiodinated 2C cells. Radioiodinated 2C cells were lysed in extraction buffer and the lysates were incubated with Con A-Sepharose by using the conditions described in Table 1 . At the end of the 30-min incubation, the supernatants were incubated with 1B2 Affi-Gel.
Bound material was then eluted by heating with NaDodSO4/polyacrylamide gel sample buffer in a boiling water bath for 5 min. After nonreducing NaDodSO4/PAGE, labeled polypeptides were visualized by autoradiography (lane 2). In a control incubation, the Con A-Sepharose beads were omitted from the incubation mixture (lane 1). Arrow indicates the position of the aB receptor (80-90 kDa). The larger polypeptides prominent in lane 2 most likely result from the binding of free Con A, which has leached off the Con A-Sepharose, to the glycans of the immobilized antibody and to those of such T-cell glycoproteins as T200 and LFA-1, both of which would be heavily labeled and are known to bind to Con A with high affinity (31). Several potential sources of artifact could be ruled out. Antibodies are glycoproteins, but in view of the large molar excess of Con A over 1B2, direct interaction of the antibody with the Con A was unlikely to account for the observed inhibition of cytotoxicity. Moreover, the inhibition by antibody 1B2 was clone specific; 1B2 pretreatment of CTL clone G4 had no effect on the Con A-dependent cytolytic activity of these cells (data not shown).
Our results implicate the antigen-specific T-cell receptor (a,3) as a lectin binding site capable of triggering antigennonspecific cell-mediated cytotoxicity, but they do not exclude the possibility that other CTL surface molecules might serve as alternative trigger sites. Other work has established that while the CTL surface antigens LFA-1 and Lyt-2/T8 facilitate antigen-specific cytotoxicity, probably by promoting CTL-target cell adhesion (32), they are probably not involved in triggering cytolytic activity (5, 33, 34) . However, the T3 antigen complex, a group of surface proteins thus far best characterized on human T cells but apparently also present on murine T cells (35, 36) , is a better candidate for an alternative trigger site. First, it is closely associated with the a,l receptor on the CTL surface (35) (36) (37) (38) (39) . Second, attachment of anti-T3 antibody to inappropriate target cells renders them susceptible to antigen-nonspecific cytolysis by CTLs (40, 41) just as attachment of anti-ap antibody 1B2 does (5) . Although the anti-T3 antibodies OKT3 and anti-Leu-4 did not clearly inhibit Con A-mediated cytolysis by human CTL clones (4), the 20-kDa T3 glycoprotein from a human T-leukemia cell line and from human peripheral blood T lymphocytes carries endo H-sensitive glycans (25) , and there is evidence that the T3 complex from the latter cells binds Con A (42 
